Context. The environmental conditions for asympotic giant branch (AGB) stars to reach the carbon-rich (C-rich) phase are important to understand the evolutionary process of AGB stars. The difference between the spatial distributions of C-rich and oxygen-rich (O-rich) AGB stars is essential for the study of the Galactic structure and the chemical evolution of the interstellar medium (ISM). Aims. We quantitatively investigate the spatial distributions of C-rich and O-rich AGB stars in our Galaxy. We discuss the difference between them and its origin. Methods. We classify a large number of AGB stars newly detected by the AKARI mid-infrared all-sky survey. In the color-color diagrams, we define their occupation zones based on the locations of known objects. We then obtain the spatial distributions of C-rich and O-rich AGB stars, assuming that they have the same luminosity for a given mass-loss rate. Results. We find that O-rich AGB stars are concentrated toward the Galactic center and that the density decreases with Galactocentric distance, whereas C-rich AGB stars show a relatively uniform distribution within about 8 kpc of Sun. Conclusions. Our result confirms the trends reported in previous studies and extends them to a Galactic scale. We discuss the relations between our result, the Galactic metallicity gradient, and the chemical evolution of the ISM in our Galaxy.
Introduction
Asymptotic giant branch (AGB) stars are low-to intermediate-mass (1-8 M ⊙ ) stars at their final evolutionary stages that undergo mass-loss (e.g. Habing et al. 1985) . Their ages range from 0.1 to several Gyr, depending on their initial masses. The spatial distribution of AGB stars roughly traces past star-formation activities.
The AGB stars are divided into three classes based on their carbon-to-oxygen elemental abundance ratios: carbonrich AGB stars (C-rich; C/O>1), oxygen-rich AGB stars (O-rich; C/O<1), and S stars (C/O∼1). Many AGB stars in the Milky Way are O-rich (e.g. Habing et al. 1985) and show silicate-dominated circumstellar features. In contrast, some fraction of intermediate-mass AGB stars (1.1-4 M ⊙ ) become C-rich, displaying the features of both carbonbearing molecules (e.g. C 2 , CN, HCN, C 2 H 2 , and CO) and carbonaceous dust (e.g. amorphous carbon and graphite). This chemical change is triggered when carbon atoms, which are synthesized in the stellar core, are dredged up to the surface by the deep convective envelope.
The difference in the spatial distributions between Orich and C-rich AGB stars, i.e., the variation in the ratio of C-rich AGB stars to O-rich AGB stars (C/M ratio) from place to place, has long been studied (Blanco 1965; Westerlund 1965) . It is known that O-rich AGB stars concentrate toward the Galactic center (G.C.), while C-rich AGB stars are distributed more uniformly around Sun (e.g. Thronson et al. 1987; Claussen et al. 1987; Jura & Kleinmann 1990; Noguchi et al. 2004 ). For example, Le Bertre et al. (2003) investigated the spectra of 689 AGB stars acquired in the four radial directions (l=−10
• , 50
• , 130
• , and 170
• ) with the NearInfrared Spectrometer (NIRS; Noda et al. 1996) on-board the InfraRed Telescope in Space (IRTS; Murakami et al. 1996) , and found that O-rich AGB stars outnumber C-rich ones in the inner Galaxy (<8 kpc), whereas the situation is the reverse in the outer Galaxy. However, most past studies surveyed limited regions of the solar neighborhood because of their sensitivity constraints. A comprehensive study of Orich and C-rich AGB stars covering the entire Milky Way and a quantitative discussion of their dependence on environment (e.g. metallicity) has not been performed yet.
The galactic AGB stars are believed to be a significant contributor to the interstellar medium (ISM). Their distribution and amount of mass loss are interesting in view of the chemical evolution of the ISM in our Galaxy and the life cycle of heavy elements in the universe. Recently, supernova remnant (SNR) is focused as the candidate to fill the missing budget in the supply of the interstellar dust (e.g. Rho et al. 2008; Lee et al. 2009; ). In particular, many discussions have focused on the supply of dust from the remnants of core-collapse (Type II) supernovae since the discovery of dust in the early universe (Bertoldi et al. 2003) . However, the supply of carbonaceous grains should be discussed independently of the supply of the total amount of dust grains dominated by silicates to clarify the whole picture of the life cycle of ISM and explore clues to the origin of life. The gas and dust budgets and their impact on the ISM evolution were quantitatively investigated by Matsuura et al. (2009) using sensitive Spitzer images of the Large Magellanic Cloud (LMC), and the total mass loss amount from C-rich AGB stars revised.
From 2006 to 2007, AKARI (Murakami et al. 2007 ) surveyed the entire sky with six infrared photometric bands between 9-160 µm. The mid-infrared (MIR) part of the all-sky survey was performed with two broad bands centered at 9 and 18 µm (Ishihara et al. 2006 ) using one of the on-board instruments, the InfraRed Camera (IRC; Onaka et al. 2007 ). The detection limits (5σ) for point sources per scan are 50 and 90 mJy for the 9 and 18 µm bands, respectively, with spatial resolutions of about 5 ′′ , thus surpassing the IRAS survey in the 12 and 25 µm bands by an order of magnitude in both sensitivity and spatial resolution. More than 90% of the entire sky was observed at both bands during the lifetime of the liquid helium cryogen. In total, 870,973 sources (844,649 in the 9 µm band and 194,551 in the 18 µm band) were extracted with the uniform threshold and compiled as the first point-source catalogue (PSC; . Ita et al. (2010) reported that the MIR catalogue contains at least 90,000 AGB stars.
In this paper, we investigate the spatial distributions of C-rich and O-rich AGB stars across the Galaxy. We describe the data analysis applied to select C-rich and Orich AGB samples from the AKARI/MIR all-sky survey PSC (hereafter AKARI/MIR PSC) and the reliability of the samples in Sect. 2. The spatial distributions of and any differences between C-rich and O-rich AGB stars in our Galaxy are presented in Sect. 3. Section 4 discusses the origin of the difference in the distributions of C-rich and O-rich AGB stars, compares our results with related and extragalactic results, and describes the effects on the chemical evolution of the ISM in our Galaxy. A summary is given in Sect. 5.
Data analysis
Source classifications based on the loci of sources in colorcolor diagrams were often applied to previous sets of infrared survey data for IRAS (e.g. Walker & Cohen 1988; Walker et al. 1989; van der Veen & Habing 1988) , MSX (e.g. Egan et al. 2001; Lumsden et al. 2002) , and Spitzer (e.g. Buchanan et al. 2009 ). This type of method basically utilizes the characteristics of the spectral energy distributions (SEDs) of the detected sources. It is an effective and unique approach in classifying a large amount of unidentified objects with only photometric data, though contamination is inevitable. We apply this method to the AKARI/MIR PSC, which contains many unidentified objects, and classify all the detected objects, selecting C-rich and O-rich AGB stars among them.
We initially cross-identify all 9 µm and 18 µm sources in the AKARI/MIR PSC β1 data set with the 2MASS Point Source Catalogue version 7 (Skrutskie et al. 2006 ) based simply on given celestial coordinates. The search radius of 3 ′′ was optimized for the crossidentification between these two catalogues . In total, 614,204 AKARI/MIR sources are crossidentified with the 2MASS catalogue. We also search for the identification of the AKARI/MIR sources in the SIMBAD database. The search radius is 10 ′′ . In total, 331,764 AKARI/MIR sources have plausible identifications. In other words, more than 60% of the AKARI/MIR sources are new compared to the SIMBAD database.
All the cross-identified sources are plotted on color-color diagrams. Figures 1a, 1b, (Onaka et al. 2007) .
We then define eight groups (A-H) and assign already known objects to the groups following the identification of the SIMBAD database as summarized in >5) objects, presumably dominated by hot dust emission or the emission of polycyclic aromatic hydrocarbons (PAHs), can be clearly distinguished from the majority of the objects, although they are relatively small in number.
We define the occupation zone of each class exclusively on these color-color diagrams based on the locations of the known members. The defined zones are overlaid in Figs. 2, 3, and 4. Table 1 summarizes the numbers of known members used in the definition of the occupation zones, and the total number of the sources in the corresponding zones. The occupation zones defined in this work are consistent with the criteria used in the source selections in the related works using AKARI/MIR survey data (Ita et al. 2010; Takita et al. 2010 ).
The C-rich and O-rich AGB stars can be clearly distinguished in all the three color-color diagrams (Figs. 2a, 3a, and 4a) . This is because the silicate features of O-rich AGB stars around 10 and 20 µm are well-covered by the AKARI 9 µm and 18 µm bands, while the carbonaceous (e.g. SiC) features of C-rich AGB stars do not contribute to these AKARI bands (Fig. 5) . These characteristics are effective in helping us to differentiate C-rich from O-rich AGB stars, and their availability is one of the unique advan-tages of the AKARI/MIR survey data compared with the other infrared surveys of IRAS (Neugebauer et al. 1984) , MSX , and WISE (Wright et al. 2010 , and then treat the sources residing in the occupation zones in all the three color-color diagrams as more purified subsamples (hereafter called purified samples). As a result, the candidate samples contain 18,596 C-rich and 83,012 O-rich AGB stars, while the purified samples contain 5,537 C-rich and 11,416 O-rich AGB stars (Table 2) . (Sloan et al. 2003 ). An example of the C-rich star, IRC +40540, displays carbonaceous features around 11 and 30 µm, that are not covered by the AKARI bands. A typical O-rich star, oCet, shows silicate features around 10 and 18 µm, which are efficiently covered by the AKARI bands.
As described above, contamination is inevitable for this type of method. We investigate the reliability and the completeness of the classified samples as follows and summarize them in Table 2 . The samples located in each occupation zone are composed of four types of objects: (a) correctly classified known objects; (b) known objects that are classified as other categories, but can be regarded as the same group; (c) unknown objects; and (d) known objects that should belong to another group. The objects labeled as variable stars and infrared objects are included in (b) for C-rich and O-rich stars. Mira-type stars are also included in (b) for O-rich stars. For each occupation zone, we define (n a + n b )/(n a + n b + n c + n d ) as a lower limit, and (n a + n b + n c )/(n a + n b + n c + n d ) as an upper limit to the reliability of the classified samples, where n a , n b , n c , and n d are the numbers of objects in (a), (b), (c), and (d), respectively. For each object class, the completeness is estimated as the ratio of the number of correctly classified known objects to the total number of known objects of the same class in the AKARI MIR PSC. The number of known objects for each class depends on the previous incomplete surveys. However, that is only the method to assess our samples, that is useful to judge the validity of the statistical results based on our samples. For the candidate samples, the reliability is 44-95% for C-rich AGB stars, and 53-95% for O-rich AGB stars. The completeness is 82% for C-rich AGB stars and 80% for O-rich AGB stars. For the purified samples, the reliability is 68-96% for C-rich AGB stars, and 71-96% for O-rich AGB stars. The completeness is 64% for C-rich AGB stars and 29% for O-rich AGB stars. The completeness for O-rich AGB stars is lower than for Crich AGB stars. As shown in Figures 2, 3 , and 4, since the O-rich and C-rich samples are bluer, they are more intermixed, whereas the redder ones in the same samples can be clearly separated. Therefore, with the present classification, it is inevitable that the completeness for the redder members is higher than that for the bluer members. Thus, the completeness of the C-rich samples is higher than that of the O-rich samples, which contain a larger numbers of lower-mass non-dusty stars. The spatial distributions of S-stars, C-rich AGB stars, and O-rich AGB stars trace the Galactic disk. The bulge, the LMC, and the Small Magellanic Cloud (SMC) are also recognized in these maps. Dwarfs and giants (group C in Fig. 6 ) show relatively uniform distributions in contrast to the other populations except for two dim concentrations around l = −90
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• and +90
• . Since normal stars are faint in the MIR bands, their detection volume is limited to the local space (< 1 kpc) around Sun. The distributions are similar to that of the Hipparcos stars (Perryman et al. 1997 ), corresponding to the structure of the local arm. In the panel for YSOs (group A in Fig. 6 ), nearby star-forming regions such as Orion, Taurus, and ρOph are recognized. These maps demonstrate the plausibility of the classification by reproducing wellknown major characteristics of the spatial distribution of each Galactic object.
Distributions of C-rich and O-rich AGB stars
Figures 7a and 7b show the celestial distributions of the purified C-rich and O-rich AGB samples, respectively, as density maps in Galactic coordinates. By assuming that the star counts can be described using Poisson statistics, the 2-σ significance levels of the surface densities of the C-rich and O-rich AGB samples are 0.3 and 1.5 deg −2 , respectively. The O-rich stars show a concentration toward the G.C. (the areal density varies from 3 deg −2 in the G.C. to <0.5 deg −2 in the outer Galaxy (|l| > 90 • )), whereas Crich stars show a uniform distribution along the Galactic plane (the areal density is kept to within 0.2-0.4 deg −2 across the Galactic plane). Thus, the decrease in density along the Galactic plane seen in Fig. 7b is significant, while the small-scale structures in Fig. 7a are not. These results can be accounted for either by an intrinsic difference in the distribution on a Galactic scale, or by a situation where Orich stars are distributed on a Galactic scale in the thin disk with interstellar extinction and C-rich stars are located in relatively nearby regions. To investigate any difference in greated detail, three-dimensional information would be indispensable.
We plot C-rich and O-rich AGB stars in the projection onto the Galactic plane of both disk stars (|b| < 10
• ; Figs. 8a and c) and stars at high Galactic latitudes (|b| > 10
• ; Figs. 8b and d). The distances of the individual samples were estimated from their AKARI 9 µm fluxes (F 9µm ) and [K]−[9] colors. A formula to estimate the distances was empirically derived using the sub-samples for which the distance and the mass-loss rates were known. These parameters were estimated based on MIR observations independently by Zhang et al. (2010) and Le Bertre et al. (2003) . We derived the relation among the distance, the mass-loss rates, and F 9µm for the sub-samples. We also derived the relation between the mass-loss rates and [K]−[9] colors (see Appendix for details of the derivation). By combining both relations, we obtained a formula to derive the distance from F 9µm and [K]− [9] . The maximum distance that we can probe in our sample is limited by the detection limit for the AKARI 18 µm flux. The maximum distance to the faintest members in our sample is estimated to be 8±2 kpc, based on the above flux-distance relation with typical [9]−[18] colors (also see Appendix).
The edge of the outer part of our Galaxy (the left side of Fig. 8 ) indicates the end of the corresponding stellar populations, whereas the edge toward the direction of the opposite side over the G.C. (the right side of Fig. 8 ) corresponds to the detection limit of this survey for the corresponding objects. The elliptical concentration is seen around the G.C. in the panels for the disk component (|b| < 10
• ; Figs. 8a and 8c). The inclination of about five degrees to the Sun-G.C. axis may indicate the central bar (Genhard 2002; Cole & Weinberg 2002) . However, we note that the elongated distribution is also caused by the uncertainties in the derived distances to the individual stars. The concentrations of sources around l ∼ 280-300
• in the panels for high latitude objects (|b| > 10
• ; Figs. 8b and 8d) indicate the LMC and the SMC. They are clearly separated from our Galaxy, though there remains an elongated distribution towards the LMC presumably caused by the errors in the distance estimates.
The most remarkable finding is that O-rich AGB stars are concentrated toward the G.C. while C-rich AGB stars have a relatively uniform distribution across the Galactic disk.
Discussion
To have more quantitative discussion about the difference in the spatial distributions of C-rich and O-rich AGB stars, we plot the areal number density of our samples as a function of Galactocentric distance (R g ) in Fig. 9 . At various galactocentric distances, we count the numbers of disk AGB stars included in the annular regions of width 0.3 kpc within 8 kpc of the Sun considering the survey depth. The smaller errors indicated by darkly colored stripes in Fig. 9 are estimated by the Poisson statistics in the star counts, while the larger ones indicated by more lightly colored stripes include an uncertainty of ±2 kpc in estimating the distance. We also investigate the completeness of both samples as a function of R g in the lower panel of Fig. 9 . The completeness of the C-rich sample increases with R g , while that of the O-rich sample is lower in the outer galaxy (R g > 9 kpc). For O-rich AGB stars, the completeness is higher for the redder members (see Sect. 2). The lower completeness in outer Galaxy means that the fraction of dusty members (i.e. massive Orich AGB stars) becomes smaller in the outer Galaxy. In contrast, the completeness of the C-rich AGB stars shows little depends on their color. The number and variety of the catalogued C-rich AGB stars are relatively small in the outer Galaxy. Thus, the completeness of C-rich AGB stars increases toward the outer Galaxy. The ratio of the completeness of the C-rich sample to that of the O-rich sample is found to be almost constant at R g < 9 kpc. Hence, our result is not affected much by the variations in the completeness. Table 3 summarizes the related investigations with the numbers and the penetrating depths of the samples. Previous studies have consistently reported relatively flat distributions of C-rich AGB samples compared with O-rich AGB samples, which are instead concentrated toward the G.C. Our result in Fig. 9 quantitatively confirms the trends reported in the previous works, which improves the spatial completeness by extending the survey volume to 8 kpc from the Sun and avoiding source confusions toward the G.C. • ) as a function of Galactocentric distance (R g ), not corrected for the completeness (see below). For each R g , we count the numbers of the disk AGB stars included in the annular regions of width 0.3 kpc within 8 kpc of Sun (the penetrating depth of our sample) and divide the star counts by the corresponding areas. The narrower stripes indicate the errors estimated from the Poisson statistics for the star counts, while the wider stripes indicate the ones derived by assuming uncertainties of ±2 kpc in estimating the distance. Lower panel: completeness of both samples as a function of the Galactocentric distance (R g ).
Why do the distributions of C-rich and O-rich AGB stars differ ? One possible reason is that the metallicity of the ISM at their birth place affects the stellar chemical composition of the photospheres (e.g. Noguchi et al. 2004 Shaver et al. 1983; Rudolph et al. 2006) , to be between about −0.04 and −0.07 dex kpc −1 at radii 6-18 kpc. The log(C/M) value at radii R g =2 to 14 kpc in our result has the gradient of ∼0.1 dex kpc −1 , which has an inverse gradient of slope similar in absolute value to that of the metallicity.
The anti-correlation between the metallicity and the C/M ratio is also reported for nearby galaxies. Brewer et al. (1995) reported on M31, a spiral galaxy similar to our Galaxy, observing five regions located at 4-32 kpc from the G.C. The metallicity decreases along the R g , whereas the C/M ratio increases. Pritchet et al. (1987) confirmed that the number of C-rich AGB stars per unit luminosity shows a correlation with the average [Fe/H] among the galaxies, IC1613, SMC, NGC6822, NGC55, M33, LMC, NGC300, M31, and our Galaxy, thus the lower metallicity results in the higher C/M ratio. The relation is approximated by Battinelli & Demers 2005; Cioni 2009 ). Our result in Fig. 9 shows that the slope is d([Fe/H])/d(log (C/M)) = −0.4 ∼ −1.3 at R=2-14 kpc, which connects smoothly with the value for nearby galaxies. Thus, the trend reported in nearby galaxies is applicable to our Galaxy, while the ranges of metallicity are different: −1.3<[Fe/H]<0 for nearby galaxies, and −0.5<[Fe/H]<1 for our Galaxy. We note that the metallicity dependence of the C/M ratio in nearby galaxies is based on optical (Battinelli & Demers 2005) or near-infrared (NIR; Cioni 2009) observations, whereas our result is based on MIR observations. Figure 9 also suggests that C/M∼ 1 at [Fe/H]=0 (i.e. the solar abundance), although our O-rich samples are biased toward dusty members.
How does the difference in spatial distributions between C-rich and O-rich AGB stars affect the ISM in our Galaxy ? Our result indicates that as dust suppliers the population of C-rich stars are minor contributers in the inner Galaxy but major contributors around the Sun and in the outer Galaxy. It is reasonable to assume that the mass loss from AGB stars has a direct effect on the chemical composition of their local ISM. The spatial constraint on the dominant replenishment of carbonaceous grains to the ISM may have implications for habitable zones in our Galaxy (Guillermo et al. 2001) , though a significant theoretical gap remains between the supply of carbonaceous grains to the interstellar space and the origin of organic material. The spatial variation in the amount of interstellar carbonaceous grains relative to that of silicate grains has not been reported on the Galactic scale. Furthermore, it is well-known that the PAH (as a representative of carbonaceous grain) emission displays a good spatial correlation with the cold dust emission (e.g. Onaka et al. 1996; Draine et al. 2007; Bendo et al. 2008) ; the latter is mostly emitted by silicate grains. We plan to perform detailed and quantitative comparisons of the spatial distributions of carbonaceous and silicate grains with those of C-rich and O-rich AGB stars in our Galaxy in future work.
Summary
On the bassis of AKARI observations, we have investigated the spatial distributions of C-rich and O-rich AGB stars in our Galaxy. The C-rich and O-rich AGB stars in the AKARI 9 µm and 18 µm All-Sky Survey catalogue are well-distinguished by the empirical approach using colorcolor diagrams. The reliability and the completeness of the sample selection are discussed. The C-rich AGB stars are uniformly distributed within 8 kpc from Sun, while O-rich AGB stars are concentrated toward the G.C. Our result confirms those of previous investigations, extends the survey volume to the Galactic scale (∼8 kpc), and enhances the completeness toward the inner Galaxy by spatially resolving individual sources. We also propose that the metallicity gradient with galactocentric distance can be one of the possible origins of the difference in the spatial distributions of C-rich and O-rich AGB stars. , and post-AGBs and planetary nebulae (brown; group G); and (f) normal and starburst galaxies (green) and Seyferts (brown) (group H). The occupation zones for the groups A-H are summarized in (g). The contours show 20%, 50%, and 80% of the peak value. The SIMBAD definitions of the members of the groups A-H are summarized in Table 1 . (a) Abbreviated expressions for object types used in the SIMBAD database. We assign ambiguous objects to each class. For example, the objects labeled as C * ? (carbon star candidate) are included in group E.
(b) The number of known objects in the SIMBAD database.
(c) The number of objects in the occupation zone defined in this work. Notes.
(a) The upper limit is calculated for the extreme case that the classification of all the unknown objects located in each occupation zone is true, and the lower limit is calculated for the extreme case that the classification of all the unknown objects in each occupation zone is false.
(b) The ratio of the number of correctly classified known objects to the total number of the known objects in each of C-rich and O-rich AGBs.
(c) Candidate samples. . We show groups A, C, D, E, and F because they have a sufficiently large number of members. The color scales are linear from 0% to 50% of the peak value and given in units of deg −2 . The coordinate grids and the locations of the Galactic bulge, the LMC, the SMC, and the nearby star-forming regions are shown in the lower right panel. (Fig. 4a) . The color scales are linear from 0% to 100% of the peak value and given in units of deg −2 . Table 3 . Related investigations of the spatial distribution of C-rich AGBs.
References Number Distance Sample selection of sample (kpc) Claussen et al. (1987) 215 1.5 TMSS photometries and optical spectra Thronson et al. (1987) 619 5 IRAS colors Jura & Kleinmann (1990) 126 2.5 Optical, TMSS, and IRAS colors Noguchi et al. (2004) 2,250 
Appendix A: Distance estimate
We first derive an empirical relation between the distance (D; kpc), the observed 9 µm flux (F 9µm ; Jy), and the [K]−[9] color for well-studied AGB samples (Le Bertre et al. 2003; Zhang et al. 2010) . We then apply this relation to our samples and estimate D from the observed values of F 9µm and [K]− [9] . We use AKARI 9 µm fluxes because they are more acurate than the 18 µm fluxes.
The Le Bertre et al. (2003) sample contains 126 C-rich stars and 563 O-rich stars observed by the IRTS/NIRS. The Zhang et al. (2010) sample contains 184 C-rich stars and 110 O-rich stars selected from the literature. Most members of both samples have AKARI 9 µm fluxes. The mass-loss rates for both samples are estimated observationally by using methods independent of MIR observations, while the distances are estimated based on NIR and MIR fluxes. The mixture of these samples (hereafter BZ sample) comprehensively covers both dust-poor members (10 −7.5 − 10 −5.5 M ⊙ yr −1 ) and dust-rich members (10 −5.5 − 10 −4 M ⊙ yr −1 ). Figure A .1 shows the distances vs. the AKARI 9 µm fluxes for the BZ sample. The observed flux is inversely proportional to the square of the distance,
where L 9µm is the intrinsic luminosity of a star at 9 µm. We assume that L 9µm is a function of the amount of circumstellar dust, thus a function of the mass-loss rate (dM/dt; M ⊙ yr −1 ) as
where γ is a free parameter. By combining Eqs. (A.1) and (A.2), the distance is described as a function of F 9µm and dM/dt as log D = C 1 + C 2 log(dM/dt) − 1 2 log(F 9µm ), (A.3) where C 1 and C 2 are obtained as 6.1±0.06, and 0.35±0.01, respectively, by fitting the linear relation among log (D), log (dM/dt), and log (F 9µm ) for the BZ sample.
To obtain dM/dt from our observations, we assume that it is a function of excess emission indicated by the 
